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GGT 水平显著高于非 NAFLD 组（p 均<0.01）；对 IHTC 进行四分位分层分析，
随着 IHTC的升高，血清 ALT、AST和 GGT 水平也逐步升高（趋势 p均<0.01）；
血清 ALT、AST和 GGT水平均与 IHTC呈正相关（r=0.43、0.25、0.19,p均<0.01）。
多元逐步回归分析显示，血清 ALT 水平是 IHTC 的独立影响因素（β
=0.30±0.05，p<0.01）。logistic回归分析显示，以 IHTC的上四分位（IHTC
≥19.7%）为切点定义 IHTC含量增加，血清 ALT水平每增加 1S.D，IHTC增加
的风险提高 1.727 倍[OR 值（95%CI）为 2.727(1.693-4.392)，p<0.01]，而
血清 AST和 GGT 则不存在该剂量-效应关系。 
2. 血清肝酶水平与 NAFLD相关代谢异常：分别根据血清 ALT、AST和 GGT的水平
对受试者进行四分位分层分析。随着血清 ALT、AST或 GGT水平的升高，SBP、
DBP、TG、2hPG及 HOMA-IR均逐渐升高（p 均<0.01）；TC和 FPG随着血清 ALT


















BMI、腰围、吸烟和体力活动情况后，血清 ALT 或 GGT 水平每升高 1S.D，代
谢综合征（MS）患病的风险分别提高 40.8%和 58.9%（p均<0.01）；血清 ALT、
AST或GGT水平每增加1S.D,肥胖人群胰岛素抵抗增加的风险分别提高59.2%，
34.9%和 49.7%（p均<0.01）；此外，只有血清 ALT水平与内脏脂肪含量独立





























Nonalcoholic fatty liver disease (NAFLD) is characterized by an increase in 
intrahepatic triglyceride contents (IHTC) accumulation. NAFLD is associated with 
insulin resistance and metabolic syndrome. Meanwhile, NAFLD is frequently 
accompanied with elevating liver enzymes(ALT, AST and GGT). This study aimed to 
determine the associations of serum liver enzyme levels with NAFLD and its related 
metabolic disorders in obese adults. 
 
Study design and methods 
We recruited 1061 subjects at age of 40 -65 years with waist circumference of 
greater than 90 cm for men and 85 cm for women. Questionnaires were adopted to 
collect information on health status, medical history and life styles. Anthropometric 
parameters, blood biochemical indexes and abdominal ultrasonography were 
measured. Of those, 475 subjects were received auxiliary examinations including 
measurement of IHTC by 
1
H-MRS, abdominal fat areas by CT and body fat mass by 
Dual Energy X-Ray Absorptiometry (DEXA). 
 
Results 
1. The association of serum liver enzyme levels with IHTC 
Compared to subjects without NAFLD, subjects with NAFLD had higher serum 
ALT, AST and GGT levels (all p<0.01). By dividing the distribution of IHTC into 
quartiles, serum ALT, AST and GGT levels at the highest quartile of IHTC were 
significantly elevated as compared with those in the lowest quartile (all p<0.01). 
Serum ALT, AST and GGT levels were positively correlated with IHTC (r=0.43, 0.25 
and 0.19, respectively, all p<0.01). Multivariate regression analysis demonstrated that 
serum ALT, but not AST or GGT was independently associated with IHTC 
(β=0.30±0.05，p<0.01). By logistic regression analysis the odds ratio for higher IHTC 
was increased by 1.727 times per 1 S.D increase in serum ALT level after adjusting 
for multiple confounding factors [OR (95% CI):2.727(1.693-4.392)]. However, this 

















2. The association of serum liver enzyme levels with metabolic disorders. 
By dividing the distribution of liver enzymes into quartiles, SBP, DBP, TG, 2hPG 
and HOMA-IR were increased gradually with the increase of serum ALT, AST or 
GGT levels(all p<0.01). Serum HDL-C level were reduced gradually with increase of 
serum ALT or GGT levels (all p<0.01). TC and FBP progressively increased across 
the quartiles of serum ALT or GGT levels (all p<0.01). LDL-C only correlated with 
serum GGT level (p<0.01). By logistic regression analysis, the odds ratio for higher 
prevalence rate of MS were respectively increased by 40.8% per 1 S.D increase in 
serum ALT level and 58.9% per 1 S.D increase in serum GGT level after adjustment 
for multivariate metabolic factors (both p<0.01); Meanwhile, the odds ratio for higher 
insulin resistance were increased respectively by 59.2% in serum ALT, 34.9% in 
serum AST and 49.7% in serum GGT (all p<0.01). Furthermore, the odds ratio for 
higher visceral fat area was increased by 33.5% per 1 S.D increase in serum ALT level 
after adjusting for multiple confounding factors [OR (95% CI):1.335(1.016-1.755), 
p<0.05]. However, these relationships did not remain in serum AST or GGT levels.  
 
Conclusions 
The results demonstrated that serum ALT level was positively associated with 
hepatic triglyceride contents in obese subjects. Meanwhile, serum ALT, AST and GGT 
levels might be regarded as surrogate markers of insulin resistant. Serum ALT and 
GGT were associated with an increased risk for metabolic syndrome. Serum ALT 
level rather than AST and GGT was independently associated with visceral fat area 
and liver fat contents. 
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的两条相同的多肽链亚单位组成的二聚体。人体内的 ALT存在着 ALT1 和 ALT2两





































均能导致血清中 GGT 水平的变化[19]。 
如上所述，血清 ALT、AST 和 GGT 水平作为反映肝脏损伤的相关性指标，常
应用于 NAFLD的诊疗过程中。先前研究也提示脂肪性肝病患者肝脏的功能有着不
同程度改变。相对于健康人群，NAFLD 患者的血清 ALT、AST 及 GGT 水平均有显


























  在厦门市思明区莲前街道招募及筛选年龄在 40-65岁的肥胖（男性腰围≥90
厘米；女性腰围≥85 厘米）受试者。 
  本研究征得厦门大学附属第一医院伦理委员会的批准。 
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